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A TRAC-PF1ANALYSISOF LOFT

TRANSIENTTEST L9-1

John K. Meier

STEAM-GENERATORFEEWATER

Safety Code Develo~ent Group, US K553
Los Alamoa National Laboratory
Los Al-OS, NM 87545

AnsTllAcT

The Tranoient Reactor Analysis Code (TRAC-PF1) calculations ~re
compared to test data from Loss-of-Fluid Test (LOFT) L9-1, which was
a lorna-of-feedwater tranaient. This paper includes descriptions of
the test and the TRACinput ●nd compares the TRAC-calculated results
with the tetit data. We conclude that the code predicted the
experiment well, giver~ the uncertainties in the boundary conditions.
The ●nalyeis indicates the need to model ●ll the flow paths ●nd heat
●tructures$ and to improve the TRACwall condensation heat-tranefer
mdel.

INTRODIJCTXON

The Lose-of-Fluid Teet (LOFT) L9-1 data was compared to the
Transieat Reactor Analyeis Code (TRAC-PF1) calculated reeulta ●s part
of the independent ●sseeement of TRAC-PF1. This ●xperiment wae ●

loos of steam-generator feedwater transient in which decay heat ●nd
puep operation cauoed the system to heat for ● 10U period of time.
The experiment was divided phenomenally into ttm time pertods. In
the flrat 100 s, the cte= Senerator dtled out ●nd the resulting high
primary-eyatem preamme caueed a reactor ocrm. To analyze this part

of the transient, we had to calculate accurately the heat ●nd mass
transfer in the ●ce-generator secondary ●ide ●nd the pressurizer.
We ebtsined reasonably ●ccurate calculations of this time period by
varying the input description within the te~t-data limitation~.
After 10U a, the decay heat and the pmp operation caused the
primary-eystem temperature to increaee. The TRAC-PF1 progrm



calculated this portion of the test wall when its wall condensation
heat-transfer coefficient waa modified.

TEST DESCRIPTION

XAIFTL9-1 simulated ● loss-of-feedwater accident (anticipated
trmsient) with ● delayed reactor scrm end no feedwater inject~on
(wltiple failures). More detailed description of the test
●pparatuc, test procedure, ●nd test result. Uy be found la Refs. 1,
2, ●nd 3.

Several important phencmena occurred duri~ the ●xperiment.
When the feedwater was discontinued to the stern Semrator, the heat
transfer from the primary side degraded. An increase in the avaragje
temperature of the primary-aide liquid caused ● fluid axpanaion that
forced water iuto the pressurizer and increased the prfmary-side
system pressure. In response to the pressure increaae, the
pressurizer-opray ●ywtem waa ●ctivated. IMe ~yotem temporarily
controlled the increase ia the ●ystem pressure, but ●ventfully the
●te-generator heat transfer degraded so eeverely that the
primary-system pressure increase caused the reactor to ~cr-. As ●

remit of the scram signal, the reactor shut down and the ●te--
generator steewcontrol valve began to close. After the valve
closed, the primary-syst- preesure increased until the pressurizer
spray ~ain controlled the priury-system pressure.

TRAC-PF1 INPUT MODELDESCRIPTION

Figures 1 ●nd 2 show the TRAC-PF1 input aodel uced for ths
veaseS9 the broken loop, ●nd the intact loop. The model included
43 one-dimensional component. with R total of 150 fluid vol~cs.
Twelve onrdimono$onal components conoisti~ of 51 nodes W*Ouoed to
model the veosel. They were sel~cted over ● three+laensional model
bec~use the len@h of the trenoient, made a fatit-running input =odel
worthwhile.

The major code-related difficultiou ●ncountered in thio ●nalyaia
p~rtaimd to the modeling of the tripe, the stem gmerator, aud the
presouriser. In the case of the tripe, the main difficulty waa in
controlli~ the ote-generatorwtcondary liquidl level and the ●te-
cotmrol valve duri~ the steady-stat’ calculation. A quual-steady
state was obtained by regulating the inlet water with ● liquid-level-
dependent FILL componont ●nd by reducing greatly the clooi~ anti
openi~ rake of the ●te~control valve duri~ tha steady-state mm.
The proportional controllers in the newwt version of the code,
TRAC-PF1;UOD1, should ●lleviate this probl~.



-f

SEE
? 10.

[ I-VESSEL ●YPASS I

II I

HiaiT-1-tIOWNCOMR

4.—

sfloKoKN-

EI
~ WM. UN.~

l@’jl
SEE IN:{CT

I@ m IZILEC
LEO

BROKEN LOOP
PLENUM

❑ JUNCTION NuMsms
o mNPom4T NLM)ERS

WSSEL

Fig. 1.
TRAC-PF1 input model of the vessel and the broken loop for LOFT L9-1.

In the came of the steam generator, the phasa-separation and
heat-transfer proce..ss that occur in the ●econdary side ●re very
complicated. Accurate calculation for this type of transient
require precise ●nalysis of these heat-transfer procecceo.

The following ●xample illuctrateo how ●n error in the
calculation of these procmmem can causa problems in the ramaining
analyaib. Scrmn initiation occurs on ● high-pressure trip. The
timing of that trip depends on the primary-system pressure Increace.
The preooure increase reflects two different phenomena: the primary-
syotem heatiu reoulting iu the thermal expansion of tha primary-
●yatem liquid, and the ●ffectivunem of the pressurizer spray to
counteract the preosure increaae. If inadequate phaae_oeparation
models calculate ●n incorrect liquid distribution in the oteem-
generator ●econdary, the heat tranufer can degrade prematurely ●nd
cwae ●n ●arly calculated reactor acrm. Following ●cram,
vaporisation of the r-aining liquid removes heat from the primary
syfitem. This heat 10SS causes much lower primary-system pr~oaureo
●nd ●ffect. the reot of the ●nalyaia.
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TRAC-PF1 input model of the intact loop for LOFT L9-1.

In the pressurizer ●odaling we found that the ●xpandi~ primary-
system fluid forced cold liquid into the preaeurizer. The resulting
stratification ●ffecte were difficult for the pressurizer component
to modal. The new pressuriser model in TRAC-PFl/MODl was designed
specifically to addream theoa typss of problems.
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DATACOMPARISONS

The prtimy-system steam-generator-outlet temperature comparison
(Fig.3) was the most interesting in this analysis. The test data
●nd the calculated results #greed well. After the scram, this
agreement implied that TRACmodeled the correct heat addition from
the core end p=ps; the correct amount of fluid in the system; ●nd,
●oot importantly, the correct heat transfer to the metal structnre,
piping, etc. When this test was calculated initially, the predicted
rate of temperature increase was 1/3 greater than the measured rate.
To eliminate this aiecrepancy, we added bypass flow paths in the
downcomer and core ●nd more detailed modeltmg of the steam-generator
inlat a d outlet plentis.

2
We ●lso modifed TRAC-PF1 so that a

50+4w heat flux was used when the heat-transf r regime was
fcondensation to the walls. The value of 50+lW/m was a somewhat

●rbitrary value for the heat-transfer coefficient which was chosen to
drive the liquid ●nd wall surface to the c~e temperature. In the
ste-geaerator-secondary downcomer outer wall where this type of
heat transfer :1. important, the heat-transfer rate is conduction
limited. l%erefore~ there is considerable leeway in the value of the
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heat-transfer coefficient fiich could be used and still obtain
reasonable calculated results. More sophisticated changes to the
condensation heat transfer are included in TRAC-PFl/MODl.

Figure 4 compates the mass flows from the secondary eteem-flow
control valve. The test data and the calculated results agreed
fairly well. The difference between the initial flow rates was
caused by the different feedwater temperatures in the analysis ●nd in
the test. In subsequent analyses we used the actual feedwater
temperature end obtained the same initial flow rate. Figure 5
compares the pressuree on the ste~generator eecondary ●ide. ThC!
previously mentioned difference in feedwater temperatures la
pactiaily responfiible for the diVergMce between the te~t and
calculated pressures during the first 50 s.

Figure 6 shows the pressurizer pressure resulting from the
expansion of the primary liquid as :t haated end the action of the
pressurizer spray. In general, this comparison is good. Although
the measured and the calculated primary-system fluid-temperature
increases correlated closely, the pressure traces diverged from 5 to
30 s. The discrepancies were caused by difficulties in.modelir~ the
compression of the pressurizer vapor by the liquid inflow. Also in
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Fig. “4.
Comparison of the TRAC-calculated ●nd the measured steam-line mass
flows for LOFT L1-9.

.



.
.

.

I 1 1 1

4.2 ~f
o 50 100 m 200

Tlmo (s)

Fig. 5.
Comparison of the TRAC-calculated-and the measured pressures on the
steam-generator secondary side for LOFT L1-9.

Fig.6 during the 100 s after scram, there is a noticeable difference
between the test data and the analytical results wherein the
analytical results exhibit several saw-tooth transients. We believe
this is partially a result of differences in the calculated and
actual heat-transfer procesties within the steam-generator secondary,
In the analytical model, the remaining water in the steam generator
after scram boils immediately thereby dropping the primary-system
pressure. After all the water vaporizes, the heat transfer in the
secondary drops rapidly causia8 the pressure in the primary system to
rise and the pressurizer sprays co activate. In the test we believe
the remaining water is puddled in the bottom of the secoudary and
boils away more gradually with a more gradual effect on
primary-system pressure.

Figure 7 shows how the cycling pressurizer spray controlled the
system pressure to -1000 s. After that time, the spray was
discontinued and the pressure increased until the cyclin8 power-
oparated relief valve (PORV) began to control the system pressure.
This process continued until -3260 s when the PORV was locked open to
decrease the system pressure.
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.* CONCLUSIONS+

‘fhe code calculated the experiment well, given the uncer. %inties
in the boundary conditions. The analysis indicates the need to model
all the flow paths and heat structures ar ~ to improve the TRAC
condensation heat-transfer model. An improved condensation model is
incorporated in the soon-to-be-released TRAC-PFl/IIIODl.

REFERENCES

1. Douglas L. Reeder, “LOFT System and Test Description (5.5-Ft

2. R.

Nuclear Core 1 LOCES),- Idaho National Engineering Laboratory,
NUREG/CR-0247TREE-1208, July 1978.

J. Beelman, “LOFT Experiment Operating Specification
Anticipated Transients With Multiple Failures Test Series L9,
Nuclear Test L9-1/L3-3/L8-lA,” Idaho National Engineering
Laboratory, EGG-LOFT-5334, April 1981.

3* Mary L. McCormick-Barger and Janice M. Divine, “Experiment Data
Report for LOFT Anticipated Transient With Multiple Failures
Experiment L9-1 end Small Break Experiment L3-3,- Idaho
National Engineering Laboratory, NUREG/CR-2119, EGG-2101, June
1981.


